Background: We carried out an observational longitudinal retrospective study between 2000 and 2009 in 28 patients who underwent surgery for unstable vertebral fractures with neurologic deficits.
Introduction
The treatment of thoracolumbar (ThL) fractures remains controversial. The main questions refer to the choice of a reliable classification system (1, 2) , the variability in the approach (3), the decompression technique (4, 5) and the timing of the intervention, particularly if spinal cord injury (SCI) is present (6) . Based on the comprehensive AO classification system (1) , the new AO Thoracolumbar Injury Classification System (TLICS) evaluates the neurologic status, integrity of the posterior ligamentous complex and injury pattern, and serves as a guide for treatment
Original Study
The impact of urgent intervention on the neurologic recovery in patients with thoracolumbar fractures decision using a scoring system (2) . For distraction and translational/rotation injuries, stabilization and indirect decompression can be performed using a posterior approach. For compression-burst injuries with posterior complex ligaments being intact and without neurologic impairment, a posterior short segment fusion, including vertebral fracture, can prevent failure. However, if epidural compression and neurologic compromise are present, an anterior direct decompression must be carried out (3, 7) . Unlike classical open techniques, transpedicular posterior approach and minimally invasive techniques allow adequate spinal decompression while also decreasing morbidity related to the anterior approach. However, in the case of a ThL burst fracture with an incomplete neurologic deficit, none of the surgical approaches used has demonstrated advantages over others with regard to neurologic recovery (4) .
It is widely accepted that the main principle in the treatment of unstable vertebral fractures is adequate stabilization to prevent pain or secondary deformity. In addition, if a SCI is present, urgent or early treatment with epidural or intradural decompression techniques has the potential to reduce intradural pressure, increasing blood supply and prevent secondary injury mechanisms dues to ischemia (8, 9) . Moreover, these have proven to be beneficial in reducing the length of stay (LOS) and related complications (10) . Despite the above, whether there is any improvement in neurologic status remains controversial (6) . E x p e r i m e n t a l s t u d i e s i n a n i m a l s h a v e s h o w n a n improvement in neurologic function with early neurological decompression (11), but similar studies in humans would be unethical as it would involve randomization for surgical treatment randomization. Although demonstrating improvement in the neurologic status is challenging, recent studies recommend early surgical management in less than 24 h after injury in patients with traumatic SCI, in order to improve neurologic and functional outcomes (12) (13) (14) .
Taking this into account and the fact that spinal cord functional recovery is also time dependent, the aim of this study is to describe the benefits of performing urgent (≤8 h) surgery in patients with ThL fractures and with a neurologic lesion, which could contribute to the process of decisionmaking in the management of such fractures in the future.
Methods

Study design and study population
We carried out an observational longitudinal retrospective study.
All patients with an unstable ThL fracture and neurological impairment who underwent surgery between 2000 and 2009 at the Hospital Spine Unit were screened. Patients with thoracic and ThL spine fractures with traumatic SCI were initially included in the study. Patients with a vertebral fracture in the lumbar spine (L3-L5), a chronic lesion (Kummel disease) and not intervened, and patients with loss of follow-up, were excluded from the study.
All patients had been evaluated on admission to the hospital by the emergency department, where their severity according to the injury severity score (ISS) to provide an overall score for patients with multiple injuries was assessed (15) . The American Spinal Injury Association ( A S I A ) I m p a i r m e n t S c a l e w a s u s e d t o e s t a b l i s h neurologic status prior to surgery (16) . A high dose of methylprednisolone was used according to NASCIS II protocol following the emergency department or the orthopaedic surgeon criteria (17) . An X-ray study and computed tomography (CT) were performed in all patients.
The approach, decompression technique, and levels of fusion were chosen following the morphological pattern according to the AO classification. Short or long fusion was performed and indirect decompression and stabilisation by the use of pedicular screws and structural bone graft obtained from the posterosuperior iliac spine in patients with type B flexion-distraction and type C rotational injuries. In type A burst fractures, a posterior, anterior or combined approach and decompression technique were chosen according to the load-sharing classification. We performed a combined approach if compression and distraction pattern injuries were present.
Patient follow up and data collection
Patients in the study had been followed up periodically for at least 2 years after surgery to assess their radiological, functional and neurologic status. This information was collected for the study from the registry of the emergency service at the time of the accident and data obtained from medical records and the surgical register. The patient information was entered into a database and treated confidentially.
Study variables
The following variables were analysed: age; sex; cause of injury; existence of associated lesions and severity grade (ISS); type of lesion based in the AO classification system prior to the X-ray and CT assessment; the use of high doses of methylprednisolone before surgery following the N.A.S.C.I.S III protocol; location and level of injury (thoracic spine T1-T9 or ThL junction T10-L2); type of surgical procedure performed (levels of fixation and anterior, posterior or combined approach); time elapsed between injury and surgery (≤8 and >8 h from the time of injury); LOS; and pre-and postoperative neurological status according to the ASIA scale at the time of injury and 2 years after the follow-up. Patients were categorized into classes from A to E depending on their motor and sensory functions according to the same scale, and each class was graded between 1 and 5. The worst grade, grade 1, was given to class A, and the best, grade 5, was given to class E (12) .
Statistical analysis
The analysis consisted of a description of qualitative and quantitative variables using frequency distributions and measures of central tendency and variability, respectively. For the statistical analysis patients were divided into two groups: those intervened within the first 8 h after the lesion had occurred and those intervened after those first 8 h. We used the Chi-square test and the exact Fisher test when necessary to compare proportions in independent groups, the Wilcoxon test for repeated measures and the Mann-Whitney U test for mean values, all at the significance level of P<0.05. We tested the ASIA score improvement at the end of follow-up using multiple regression analysis, adjusted by variables such as ISS, timing of intervention, location, approach and type of fracture. The analysis was carried out using SPSS v 19.0 (IBM SPSS Inc., Chicago, IL, USA).
Results
Out of a total of 111 patients with unstable ThL fractures who underwent surgery, 39 had a neurologic impairment (35.1%), of which 28 were available and included in the study (Figure 1) . Eleven patients were excluded: seven were lost to follow-up due to transfer to their place of residence, discharge centre or occupational control, two not intervened, one for Kummel disease and one at lumbar level.
Patients in the study included 22 men (78.5%) and 6 women (21.5%), with a mean and a median of 36.8 and 35.5 years old respectively. The most common cause of the lesions was road accidents (46.4%), followed by falling (32.1%), occupational accidents (14.3%) and sports-related accidents (7.1%). The ISS mean was 11.3. According to the AO classification system, 42.8% of the patients had type A lesions (all of them being A3-burst), 17.8% had type B, and 39.3% had type C. High doses of corticoids were administered to 85.7% of the patients prior to surgery according to the NASCIS III protocol. In 28% of the patients, the location of the lesion was the thoracic spine T1-T9, whereas in the rest of the cases, the location was the ThL spine T10-L2. The posterior approach was used in 75% of the cases (21 patients) and indirect decompression was performed in all of them. Out of the 21, short fusion (less than or equal to three levels) was performed in 14 patients, using pedicle screws at the fractured vertebra in 11 of them. In the other 7 patients, we performed long fusion, with an average of 5.5 levels of fusion. In 6 (21% of the patients), we carried out an anterior direct decompression with corpectomy by thoracotomy or ThL retroperitoneal approach and interbody fusion using a structural autograft iliac crest and plate. In 1 (4%), we performed a combined approach of the two separate interventions. LOS mean was 11.5 days ( Table 1) . Postoperative complications were observed in three patients (5.8% of the total). Two patients with postoperative wound infections required debridement and antibiotic treatment and long fusion was performed in one patient who suffered from coronal imbalance. An urgent surgical procedure, within the first 8 h after the injury had occurred, was carried out in 11 (39.3%) vs. 17 patients (60.7%) who underwent surgery after more than 8 h (one patient intervened at 11 h, two patients between 11-24 h, six between 25-72 h and eight after 72 h). In these two groups, no statistically significant differences were observed in age, sex, mechanism of injury, AO classification, location and approach used in both groups, while the ISS (P=0.007) and LOS (P=0.003) were statistically significant ( Table 1 ).
In the initial assessment prior to surgery, 39.3% of the patients had a complete lesion (ASIA A), 35.7% had an ASIA B, 14.3% had an ASIA C, and 10.7% had an ASIA D lesion. In the assessment conducted at the end of follow-up after more than 2 years, and once the discharge treatment was completed, 39.3% continued with an ASIA scale grade of A, 3.5% with an ASIA scale grade of B, 3.5% with an ASIA scale grade of C, 32.2% with an ASIA scale grade of D and 21.4% with an ASIA scale grade of E (Figure 2A) . The mean ASIA scale pre-operative for all patients (ASIA A-D) was 1.96 and 2.93 at the end of follow-up with the mean difference 0.97 (95% CI, 0.51-1.42; P=0.001) ( Figure 2B ).
There were no changes in patients with complete lesions (ASIA A). In patients with incomplete lesions (ASIA B-D), the pre-operative ASIA scale was 2.59 and 4.18 at the end of follow-up and the mean difference was 1.59 (95% CI, 1.01-2.17; P=0.001) ( Figure 3) . Improved ASIA scale grades in patients with incomplete lesions (B-D) who underwent urgent surgery within less than 8 h was 1.73 and 0.47 in those intervened within more than 8 h after the injury had occurred, with a statistically significant difference 1.26 (95% CI, 0.45-2.05; P=0.007; Figure 4A,B,C) .
Results from the multiple regression analysis, adjusted for type and location of the fracture, approach and timing of intervention, showed that the post-operative ASIA improvement was statistically significant in patients intervened within the first 8 h compared to those intervened later (P=0.037) ( Table 2) .
Discussion SCI is one of the primary causes of neurologic disability with major individual, family and economic impact. In Spain, there is an estimated incidence of 12-20 new cases per million inhabitants per year (18) . During the period of our study, 111 unstable vertebral fractures were intervened, of which three to four patients presented SCI, equivalent to the above annual incidence.
There are multiple constraints associated with the management of ThL fractures with neurologic impairment, such as ethical issues excluding the possibility of conducting randomised studies and health system-related demands including patient transport, performing imaging studies and other associated lesions, as well as the prompt availability of a specialised surgical team. In addition, SCI is a relatively low frequency condition, therefore large study sample sizes are difficult to achieve. Our study represents all patients intervened through the period of 10 years, by the same surgery team and where standardised assessment was followed.
The main goal of unstable ThL fracture treatment is to achieve spine stability to prevent painful secondary deformities. If this is accompanied by neurologic impairment, then spinal cord decompression with neurologic recovery is also a goal (8) . To prevent secondary injury mechanisms after an initial primary injury, medical therapies have been used. SCI in the upper thoracic region can result in a loss of sympathetic outflow resulting in neurogenic shock. Preventing secondary injury due to hypotension and hypoxia is the main goal during the resuscitation of the spinal cord injured patient. Clinical practice guidelines recommend achieving a mean arterial pressure of at least 85 mmHg, although no conclusive data support this target. Fluid resuscitation and pressers may be required (19) . In our study, we used high doses of glucocorticoids in 85% of the patients during the first hours after injury according to the NASCIS II and III guidelines (17) . This did not show any significant benefit in neurological recovery. In fact, they have been found to increase the risk of complications such as severe sepsis and pneumonia and thus, recent studies discourage their use (20) .
Given an irreversible primary lesion and the lack of effective medical therapies, early decompression should have a neuroprotective effect (21) . However, the advantages of early decompression and the best time for surgery remain controversial. Surgical decompression has the potential to reduce intradural pressure, thus increasing blood flow to the spinal cord, reducing ischemia, and preventing secondary injury mechanisms. Although these pathophysiologic changes have been shown in experimental animal studies (11) , the benefits of urgent or early decompression have not been clearly demonstrated in clinical practice due to the heterogeneity of patients, type of injury and spinal location, and the difficulties associated with the performance of a prompt surgical procedure as well as with the implementation of high level of evidence studies due to ethical reasons.
Following the primary vertebro-medullary injury, the morphological pattern, approach, location of lesion and time elapsed to surgery of may influence the neurologic recovery. Through the multiple regression study, in our study the time elapsed until the intervention was shown to be a significant factor for improvement of the neurological function in patients who were intervened promptly within the first 8 h compared to those intervened after that time.
Classification systems of injury have been questioned for their reliability and reproducibility. The new AO Spine thoracolumbar spine system classification is based on the neurological lesion, morphological pattern and lesion of the posterior ligament complex evaluated by MR. In our study the MR assessment was not possible in all cases in the preoperative period, especially if urgent surgery was considered and the morphological pattern was identified by CT according to the AO classification (1) . A sequential damage assessment of the posterior ligamentous complex after the MR study has been related with the fracture morphological pattern evaluated by TC study (22) . The morphological pattern was not associated with neurological improvement in our analysis.
The morphology pattern of the lesion should be used to determine the best approach (3). Flexion-distraction and rotational injuries were treated by posterior approach and for the burst fractures we followed the load-sharing classification to choose between anterior, posterior or combined approaches and the use of a decompression technique. More recently, the technique of transpedicular decompression using the posterior approach has been found to allow less morbidity, thus avoiding the anterior approach. In addition to extradural decompression techniques, surgical intradural decompression by durotomy has the potential to reduce intradural pressure and therefore increases blood flow to the spinal cord, reduces ischemia and prevents secondary injury mechanisms (23) . However, in our study the approach and decompression technique were not statistically associated with the neurologic improvement, in accordance with recent study which reported that there is no specific surgical approach in the case of a ThL burst fracture with an incomplete neurologic deficit having any advantage as far as neurologic recovery is concerned (4, 5) . Moreover, the level of injury and ASIA neurologic scale impairment can determine the functional recovery prognosis due to anatomic considerations and the blood supply. In our patients, thoracic or ThL lesions were not statistically associated with the neurologic improvement despite thoracic fractures presenting a worse prognosis than ThL and lumbar fractures (24) .
Based on the current literature, there is evidence that early surgical stabilisation leads to shorter hospital stays, shorter intensive care unit stays, and lower pulmonary complications and costs, all the more evident in patients who have more severe associated injuries as measured by the ISS. In both patients with and without SCI, early surgical stabilisation has also been found to be beneficial (10) .
Furthermore, there is some evidence that early stabilisation does not increase complication rates compared with late surgery (25) . In addition, the best timing for surgery following an SCI remains controversial. Although previous studies have not proven that early intervention does influence the neurologic improvement (26) a systematic review of clinical studies concluded that decompress surgery performed within the first 24 h resulted in superior clinical outcomes compared with decompression performed after the first 24 h (27). Fehlings et al., in another systematic review study, collected opinions from 971 surgeons and concluded that early surgery, when performed in less than 24 h, is strongly recommended in the event of neurologic injury but before 12 h in cases of incomplete SCI (28). Wilson et al., in a prospective cohort study showed a statistically significant difference in patients who received early surgery (<24 h) vs. late (14) . Cengiz et al., in a prospective study of 27 patients with ThL injuries, showed that twelve patients having undergone surgery within 8 h had greater neurologic recovery in comparison with 15 patients who underwent surgery within 3 to 15 days (12) .
In our study, no changes were seen in patients with complete lesions ASIA A scale at preoperative and in the follow up assessments. However, the ASIA scale was statistically associated with the neurologic improvement, so patients with incomplete lesions (ASIA scale B-D) intervened urgently in less than 8 h had greater neurologic improvement compared with those patients with more delayed surgery (1.26, P=0.007), which could determine changes in functional status. The multiple regression analysis also showed statistically significant differences in the ASIA scale with neurologic improvement at the end of follow-up when the time elapsed to surgery was within first eight (P=0.024). These results suggest, as other studies mentioned above, that early surgery should be performed as soon as possible to improve the neurological status of the patients and if possible to intervene within the first 8 h after injury.
Conclusions
Our study showed that in patients with an incomplete SCI, there was significant improvement in patients intervened early, particularly if this was performed within the first 8 h after the injury occurred. Given the devastating consequences in the functional status of these patients, there should be a common effort to achieve the earliest timing of intervention possible.
